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ABSTRACT
We examine galaxy groups from the present epoch to z ∼ 1 to explore the impact of
group dynamics on galaxy evolution. We use group catalogues from the Sloan Digital
Sky Survey (SDSS), the Group Environment and Evolution Collaboration (GEEC)
and the high redshift GEEC2 sample to study how the observed member properties
depend on galaxy stellar mass, group dynamical mass and dynamical state of the
host group. We find a strong correlation between the fraction of non-star-forming
(quiescent) galaxies and galaxy stellar mass, but do not detect a significant difference in
the quiescent fraction with group dynamical mass, within our sample halo mass range
of ∼ 1013 − 1014.5M⊙, or with dynamical state. However, at z ∼ 0.4 we do see some
evidence that the quiescent fraction in low mass galaxies (log10(Mstar/M⊙) . 10.5)
is lower in groups with substructure. Additionally, our results show that the fraction
of groups with non-Gaussian velocity distributions increases with redshift to z ∼ 0.4,
while the amount of detected substructure remains constant to z ∼ 1. Based on these
results, we conclude that for massive galaxies (log10(Mstar/M⊙) & 10.5), evolution is
most strongly correlated to the stellar mass of a galaxy with little or no additional
effect related to either the group dynamical mass or dynamical state. For low mass
galaxies, we do see some evidence of a correlation between quiescent fraction and the
amount of detected substructure, highlighting the need to probe further down the
stellar mass function to elucidate the role of environment in galaxy evolution.
Key words: galaxies: groups-galaxies:dynamics-galaxies:formation
1 INTRODUCTION
A long-standing debate is whether the evolution of galaxies
is governed primarily by internal processes (e.g. feedback)
or those related to the external environment (e.g. stripping).
The morphology-density relation seen in the cores of clus-
ters (Oemler 1974; Dressler 1980) was one of the first ob-
servations to show that the environment may influence the
properties of galaxies, where elliptical and S0 (early-type)
galaxies were found preferentially in high-density regions
and spiral and irregular (late-type) galaxies in low-density
regions. Since then, numerous correlations between galaxy
properties and environment have been observed. For exam-
ple, differences in the distributions of colours (Blanton et al.
2003; Baldry et al. 2006; Hou et al. 2009), the fraction of
either star-forming or quiescent galaxies (Kauffmann et al.
2004; Balogh et al. 2004; Wilman et al. 2005a; Peng et al.
2010; McGee et al. 2011; Patel et al. 2011; Sobral et al.
2011; Muzzin et al. 2012), and the amount of observed
dust (Kauffmann et al. 2004). Correlations between environ-
ment and galaxy properties appear to have been in place
since at least z ∼ 1, as the observed star formation rate
(SFR)-density and specific star formation rate (SSFR =
SFR/stellar mass)-density relations show variations with en-
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vironment at this redshift (Cooper et al. 2008; Patel et al.
2011).
Although there have been numerous observations of cor-
relations between environment and galaxy properties, where
red and quiescent galaxies are preferentially found in higher
density regions, recent studies have suggested that inter-
nal or secular processes, traced by the mass of the galaxy,
may actually be the dominant factor in galaxy evolution.
In particular, several studies have found that the proper-
ties of actively star-forming galaxies only weakly depend on
the environment (Balogh et al. 2004; Wilman et al. 2005a;
Poggianti et al. 2008; Peng et al. 2010; Tyler et al. 2011).
Similarly, Muzzin et al. (2012) found that although the envi-
ronment does determine the fraction of galaxies that remain
actively star-forming, the stellar populations of both actively
star-forming and quiescent galaxies are most strongly corre-
lated to the stellar mass of a galaxy.
The emerging picture appears to suggest that both in-
ternal and external processes contribute to the evolution
of galaxies. Although observations have shown that stel-
lar mass correlates well with environment, both in the
local Universe (Hogg et al. 2003; Kauffmann et al. 2004;
Blanton et al. 2005; Baldry et al. 2006) and at z ∼ 1
(Bolzonella et al. 2010; Sobral et al. 2011), recent studies
have claimed that the effects due to the environment can
still be disentangled from transformation processes traced
by galaxy stellar mass (Peng et al. 2010; Sobral et al. 2011;
Muzzin et al. 2012). In an empirically driven picture of
galaxy evolution, Peng et al. (2010) claimed that the evolu-
tion of low mass galaxies (log10(Mstar/M⊙) . 10.5) is dom-
inated by environmentally driven star-formation quenching
whereas high mass galaxy evolution (log10(Mstar/M⊙) &
10.5) is governed by processes which are traced by galaxy
stellar mass.
Galaxy groups are ideal for studies of the role of the
environment in the evolution of galaxies. Not only are
groups the most common environment in the local Universe
(Geller & Huchra 1983; Eke et al. 2005), but it is also be-
lieved that as many as 40 per cent of galaxies, especially low
mass galaxies, that live in rich groups or clusters were pre-
processed (i.e. had their star formation quenched) in haloes
with Mhalo & 10
13h−1M⊙ before infall (McGee et al. 2009;
De Lucia et al. 2012).
The pre-processing of galaxies in low mass groups may
be driven by galaxy-galaxy interactions and mergers. As a
result of the relatively low velocity dispersion observed in
groups, it has been shown that the rate of mergers is higher
in the group environment with respect to both the field and
richer galaxy clusters (Barnes 1985; Zabludoff & Mulchaey
1998b; Brough et al. 2006; De Lucia et al. 2011). Interac-
tions are thought to initially trigger an intense burst of
star formation (Sanders et al. 1988; Elbaz & Cesarsky 2003;
Cox et al. 2006; Teyssier et al. 2010), which can use up the
supply of cold gas and lead to the quenching of star forma-
tion, if no further gas accretes onto galaxy. Thus, mergers
and interactions can either enhance or quench star formation
depending on the evolutionary stage at which the galaxy is
observed. In addition, star formation quenching in galaxies
may occur as a satellite falls into a larger dark matter halo
due to processes such as strangulation (Larson et al. 1980;
Balogh et al. 2000; Kawata & Mulchaey 2008) and ram-
pressure stripping (Gunn & Gott 1972; Abadi et al. 1999).
Thus, galaxy evolution appears to be related to the accretion
history of the galaxy and with the number of interactions
a galaxy has experienced. By looking for correlations be-
tween group dynamics and member properties, it is possible
to probe the importance of accretion history and dynamical
interactions on the evolution of galaxies.
In this paper we study the dependance of galaxy evolu-
tion on galaxy stellar mass, group dynamical mass and group
dynamics. The paper is structured as follows: in Section 2
we describe the data and group catalogues, as well as dis-
cuss the methods for determining stellar mass and SFR. In
Section 3, we look for correlations of galaxy properties with
galaxy stellar mass and group dynamical mass. In Section 4,
we classify the dynamical state of our groups and compare
the properties of galaxies in dynamically young and dynam-
ically evolved systems. We discuss our results in Section 5
and finally present our conclusions in Section 6.
Throughout this paper we assume a ΛCDM cosmology
with Ωm,0 = 0.27, ΩΛ,0 = 0.73 and H0 = 71 km s
−1 Mpc−1.
2 DATA
In order to investigate the role of group dynamics in galaxy
evolution, we look at three highly complete group catalogues
that span a redshift range of 0 . z . 1. This allows us to
probe not only how the properties of the member galaxies
depend on the properties of the host group, but also how
these correlations evolve with redshift. The low redshift (0 <
z < 0.12) group sample is from the Sloan Digital Sky Survey
(SDSS), the intermediate redshift (0.15 < z < 0.55) sample
is from the Group Environment and Evolution Collaboration
(GEEC) survey, and the high redshift (0.8 < z < 1) groups
are from the GEEC2 survey (to be discussed in detail in
Sections 2.1-2.3).
2.1 The SDSS group catalogue
Although there are many publicly available SDSS group cat-
alogues (e.g., Berlind et al. 2006; Yang et al. 2007), we elect
to use the groups defined in McGee et al. (2011), who ap-
plied a multi-stage approach to mimic both the observing
conditions and group-finding algorithm used to identify our
intermediate redshift GEEC groups (see Section 2.2). This
selection allows for a better comparison of the group and
galaxy properties by reducing possible effects introduced by
differences in the spectroscopic completeness, limiting mag-
nitude or in the group-finding algorithm. A full description
of our SDSS group catalogue is given in McGee et al. (2011),
but we give a brief summary here. Groups were identified
using galaxies observed in the SDSS Data Release 6 (DR6),
which contains over 790 000 spectra in an area of ∼7425 deg2
(Adelman-McCarthy et al. 2008). In addition to the SDSS
ugriz photometry, McGee et al. (2011) made use of the over-
lapping GALEX Medium Imaging Survey (MIS), which cov-
ered an area of ∼1000 deg2 of the SDSS (Martin et al. 2005;
Morrissey et al. 2007). The inclusion of the NUV and FUV
bands is important for better estimates of the SFR.
To reproduce the observing conditions and group-
finding algorithm of the second Canadian Network for Ob-
servational Cosmology (CNOC2) Galaxy Redshift Survey
(Yee et al. 2000), on which the GEEC group catalogue is
c© 0000 RAS, MNRAS 000, 000–000
Do group dynamics play a role in the evolution of member galaxies? 3
based, McGee et al. (2011) applied the same absolute mag-
nitude cut and then randomly removed half the remain-
ing galaxies to match the spectroscopic completeness of the
CNOC2 redshift survey (see Section 2.2). With this sample,
McGee et al. (2011) calculated the local density around each
galaxy by counting the number of galaxies within a cylin-
der of 0.33h−175 Mpc and a line-of-sight depth of ±6.67h−175
Mpc. Proto-groups were then identified starting from galax-
ies with the highest local densities and taking all of the
galaxies within the cylinder centred around the high-density
galaxies as proto-group members. Next, all of the galax-
ies in each of the cylinders centred on the initial mem-
bers were added and the process continued until no further
galaxies could be added. Using these proto-groups, a pre-
liminary geometric centre, redshift, velocity dispersion (σ)
and virial radius (r200: Equation 2) were computed. Proto-
group members were then added or removed iteratively if
they fell within 1.5r200 and 3σ of the group centre. Once
all of the proto-groups were identified, McGee et al. (2011)
then added all of the SDSS galaxies back into the sample and
group membership was finalized with a methodology similar
to that used to identify the GEEC groups (Carlberg et al.
2001; Wilman et al. 2005b).
2.2 The GEEC group catalogue
Our intermediate redshift sample is the GEEC group cat-
alogue, which contains ∼200 groups in the range of 0.1 <
z < 0.55. The GEEC survey is based on a set of groups first
identified in the CNOC2 redshift survey (Yee et al. 2000;
Carlberg et al. 2001), which contained ∼4×104 galaxies in
four patches totalling ∼1.5 deg2. The original photometry
was taken in the UBV RcIc bands down to a limiting mag-
nitude of Rc = 23.0 and spectra were obtained for more
than 6000 galaxies with a completeness of 48 per cent at
Rc = 21.5 (Yee et al. 2000).
The GEEC survey built on the CNOC2 survey by ob-
taining higher spectroscopic completeness to a fainter limit-
ing magnitude with 78 per cent completeness at Rc = 22 for
a subset of the groups (Wilman et al. 2005b; Connelly et al.
2012). The extensive follow-up spectroscopy was taken with
LDSS2 (Wilman et al. 2005b) and IMACS (Connelly et al.
2012) on Magellan, as well as data from FORS2 on the Very
Large Telescope (Connelly et al. 2012). Additionally, we
have obtained multi-wavelength data from the X-ray to the
infrared (IR) observed with the following telescopes: XMM-
Newton (Finoguenov et al. 2009), Chandra X-ray Observa-
tory (Finoguenov et al. 2009), GALEX (McGee et al. 2011),
HST-ACS (Wilman et al. 2009), Spitzer-MIPS (Tyler et al.
2011), Spitzer-IRAC (Wilman et al. 2008), INGRID on the
William Herschel Telescope (Balogh et al. 2009), and SOFI
on the New Technology Telescope (Balogh et al. 2007).
In addition, improved optical imaging was obtained in
the ugrizBV RI filters from the Canada-France-Hawaii
Telescope’s Megacam and CFH12K imagers (Balogh et al.
2009).
Group membership was defined with the friends-of-
friend (FoF) algorithm outlined in Wilman et al. (2005b).
Analysis of mock catalogues has shown that the contamina-
tion rate is 2.5 per cent for galaxies within 0.5h−175 Mpc of
the group centroid (McGee et al. 2008).
2.3 The GEEC2 group catalogue
The high redshift sample contains a subset of groups iden-
tified in the GEEC2 survey. A detailed discussion of the
GEEC2 survey is presented in Balogh et al. (2011) and
Mok et al. (2013). The goal of the GEEC2 survey was
to obtain high spectroscopic completeness for 20 galaxy
groups in the redshift range of 0.8 < z < 1.0 that were
initially identified in the Cosmic Evolution Survey (COS-
MOS - Scoville et al. 2007) with extended X-ray emission
(Finoguenov et al. 2007; George et al. 2011). The follow-up
spectroscopic survey is being conducted with the GMOS
spectrograph on the GEMINI telescope and thus far, data
have been collected for 11 of the 20 target groups with spec-
troscopic completeness between ∼0.6 and 0.75 (Balogh et al.
2011) down to r = 24.75.
Balogh et al. (2011) assigned group membership based
on a galaxy’s proximity to the measured X-ray centre.
It should be noted that although the group centroid for
GEEC2 is based on X-ray emission, rather than a luminosity
weighted center (used in SDSS and GEEC), Connelly et al.
(2012) found that the difference between these two defini-
tions is typically small (< 18′′) and that group membership
and overall group properties did not change signficantly with
either centroid. For each group, the velocity dispersion (σ)
was computed from all galaxies within 1.0 Mpc and 4000
km s−1 of the measured group X-ray centre. Next the rms
projected radial position from the group centroid (Rrms)
was computed and all galaxies with group-centric velocities
> Czσ and radial position > CrRrms were clipped, where
the typical values for Cz and Cr were 2. Finally, σ and Rrms
were re-computed and only galaxies with z < 2.5σ1Mpc and
radial positions < 2Rrms were defined as group members.
Ideally, all three group catalogues would be defined in
the same way; however, an unbiased and highly complete
spectroscopic survey at high redshifts is a difficult and ex-
pensive task. Including the GEEC2 groups allows us to
probe the high redshift Universe. Additionally, GEEC2 is
one of the few high redshift group catalogues with high
spectroscopic completeness and more than five members per
group, allowing for studies of group dynamics.
2.4 Spectral energy distribution fitting
In Table 1, we list the group catalogue, redshift range, num-
ber of groups used in this analysis and the available pho-
tometry for each sample. We see that each of the three
group catalogues has multi-wavelength data (Table 1), which
were used to measure stellar masses and SFRs via spec-
tral energy distribution (SED) template-fitting. The same
fitting procedure was carried out for all catalogues from
all available photometric bands. A detailed discussion of
the SED fitting procedure is given in McGee et al. (2011)
for the SDSS and GEEC catalogues and in Balogh et al.
(2011) for the GEEC2 catalogue. The observed photome-
try was compared to a grid of SEDs constructed with the
Bruzual & Charlot (2003) stellar population synthesis code
for the SDSS and GEEC catalogues and the Bruzual (2007)
model for GEEC2. A Chabrier initial mass function (IMF)
was assumed for all three catalogues. In both McGee et al.
(2011) and Balogh et al. (2011), the SED fitting procedure
followed that outlined in Salim et al. (2007), where a grid
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. Properties of the group catalogues.
Catalogue redshift range # of groups Photometry
SDSS z < 0.1 100 FUV, NUV,
(r < 17.77) u, g, r, i, z
GEEC 0.1 < z < 0.55 37 FUV, NUV,
u, g, r, i, z, K
(r < 23) Spitzer:IRAC & MIPS
GEEC2 0.8 < z < 1 8 FUV, NUV, U, B, V, G,
(r < 24.75) R, I, Z, J, K
Spitzer:IRAC & MIPS
of models that uniformly sampled the allowed parameters
of formation time, galaxy metallicity and a two-component
dust model (Charlot & Fall 2000) was created. An exponen-
tially declining base SFR, with added bursts of star forma-
tion with varying duration and relative strength was used to
model the star formation history of each galaxy. Probability
distribution functions were created for the relevant galaxy
parameters after weighing each model by its exp(−χ2/2) and
the median value for each of the parameters was used. The
SFRs have been averaged over the last 100 Myr and the 1σ
uncertainties in stellar mass, when compared to both mock
groups and other independent estimates, are on the order of
0.15 dex (McGee et al. 2011). For the stellar masses probed
in this work (log10(Mstar/M⊙) ≥ 10) there is no systematic
offset between the Bruzual & Charlot (2003) (used for SDSS
and GEEC) and Bruzual (2007) (used for GEEC2) models.
The observed scatter between the two models is within our
quoted 1σ uncertainties. Additionally, there may be addi-
tional systematic uncertainties due to, for example, the IMF
assumed in the fitting procedure.
2.5 Completeness Corrections
The ability to detect faint and low mass galaxies declines
with increasing redshift, which can be seen in Figure 1
where we plot log10(Mstar/M⊙) versus z for all galaxies
in each of the catalogues. In order to address this stellar
mass incompleteness, we apply a stellar mass limit to each
of the group catalogues using the methodology described in
Connelly et al. (2012). Briefly, we compute the stellar mass
that each galaxy would have if it was observed at the r-band
magnitude limit (rlim) of the sample using
Mstar, r lim(z) =Mstar(z)× 10(−0.4(rlim−r(z))), (1)
where Mstar(z) is the stellar mass of the galaxy determined
from the SED fits and r(z) is the observed r-band magnitude
of the galaxy.
We define a conservative stellar mass limit by only tak-
ing the passive galaxies with SSFR < 10−11 yr−1 (SSFR
≡ SFR/stellar mass)1. Since passive galaxies have on aver-
age a higher M/L ratio than actively star-forming galaxies,
we obtain a higher, and therefore more conservative, stellar
mass limit using this methodology. To define our limit, we
1 It should be noted that Connelly et al. (2012) use red galaxies
to define their limits
compute the 90th percentile values of the mass estimates
(Equation 1) for all passive galaxies in narrow redshift bins
and then perform a linear least-squares fit to these values.
For the SDSS and GEEC catalogues, we then take all galax-
ies that fall above this line as our stellar mass complete
catalogue. To define our stellar mass completeness limit for
the high redshift sample we take a different approach and
apply a cut based on the GEEC2 sample selection criteria
and the shape of the stellar mass function of the observed
passive galaxy population (Mok et al. 2013). For groups at
the high redshift end (z ∼ 1) of the GEEC2 catalogue,
Mok et al. (2013) found that the sample was complete down
to log10(Mstar/M⊙) = 10.7 for passive galaxies. We there-
fore take this value to be our stellar mass limit for the entire
GEEC2 sample. Although a limit of log10(Mstar/M⊙) = 10.7
is conservative, we probe galaxy evolution via the quiescent
fraction (see Section 2.7), which requires that the population
of passive galaxies is complete.
In Figure 1, we plot the observed stellar masses versus
redshift for passive galaxies (black circles) and all galax-
ies (grey circles) in the SDSS (left), GEEC (middle) and
GEEC2 (right) surveys. The 90th percentile stellar mass
estimates for the SDSS and GEEC samples are shown as
red triangles in Figure 1 and the linear least-squares fit to
these values as the red solid line. For the GEEC2 sample
(Figure 1: right), the red solid line indicates our stellar mass
limit of log10(Mstar/M⊙) = 10.7. The stellar mass ranges for
our complete samples are; 9.5 . log10(Mstar/M⊙) . 11.5
for SDSS, 9.6 . log10(Mstar/M⊙) . 11.5 for GEEC and
10.7 ≤ log10(Mstar/M⊙) . 11.5 for GEEC2.
In addition, we have applied a spectroscopic complete-
ness correction by calculating magnitude weights for each
galaxy. The weights are computed following a methodology
similar to Wilman et al. (2005b), where weights are calcu-
lated in r-band magnitude bins down to the limiting mag-
nitude of each catalogue.
2.6 Final group membership
To probe the effects of groups dynamics on the properties
of members galaxies, we only consider the sample of group
galaxies with measured stellar masses and SFRs. In addition,
we only look at groups with more than five member galaxies
within two virial radii (r200) of the group centroid, where
r200 is defined as Carlberg et al. (1997)
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. Left: Observed log10(Mstar/M⊙) versus z for the quiescent galaxies (black circles) and for all galaxies (grey circles) in a
sub-sample of 15 000 randomly selected galaxies in the SDSS catalogue. The red triangles indicate the 90th percentile value of the stellar
mass estimates of quiescent galaxies (black circles) given by Equation 1 within a given redshift bin and the red solid line indicates a linear
least-squares fit to these points. This line is taken to be the stellar mass completeness limit of the sample. Middle: Same as left except
for all galaxies in the GEEC sample. Right: Same as left except for all galaxies in the GEEC2 sample and the red solid line indicates a
stellar mass cut of log10(Mstar/M⊙) = 10.7.
r200 =
√
3σrest
10H(z)
, (2)
where σrest is the observed velocity dispersion (σobs), com-
puted via the Gapper Estimator (Beers et al. 1990) from
all member galaxies within 1.0 Mpc of the group cen-
troid, corrected for redshift (i.e. σrest = σobs/(1 + z)) and
H(z) = H0
√
Ωm,0(1 + z)3 + ΩΛ,0.
The inclusion of galaxies out to 2r200 is motivated by
previous results. In Hou et al. (2012), we found that sub-
structure galaxies were preferentially located on the group
outskirts, beyond the virial radius. Therefore, in order to
better study correlations between the amount of substruc-
ture and galaxy properties, we include galaxies out to 2r200.
We discuss the effects of applying different radial cuts in
Section 4.2.
In Figure 2 we plot the group velocity dispersion (σrest)
versus redshift (z) for our sub-sample of the three group
catalogues. The SDSS, GEEC and GEEC2 groups span a
wide range of velocity dispersions, and therefore masses.
From Figure 2, we see that both the SDSS and GEEC
group catalogues contain lower mass systems when com-
pared to GEEC2; therefore, to ensure that all three cata-
logues span a similar mass range we only consider groups
with σrest > 200 km s
−1, which corresponds to a dynami-
cal mass of ∼ 1.2 × 1013M⊙ at a redshift of z = 0.25. The
minimum of five members within 2r200 requirement, and the
σrest > 200 km s
−1 cut, leaves us with 100 SDSS groups, 37
GEEC groups and 8 GEEC2 groups (see Table 1).
2.7 Characterizing the properties of galaxies
In order to study the relationship between environment and
galaxy evolution, we look at the specific star formation rates
of the galaxies in groups. We examine both the SSFR dis-
tributions and the fraction of quiescent galaxies (hereafter
Figure 2. Group velocity dispersion (σrest) versus redshift (z) for
our sub-sample of groups with nmembers ≥ 5 within 2r200 of the
group centroid identified in SDSS (black triangles), GEEC (blue
circles) and GEEC2 (red crosses). The dashed line indicates the
lower limit σrest cut; we only analyze groups with σrest > 200 km
s−1.
fq), where fq is defined as
fq =
# galaxies with SSFR < 10−11yr−1
total # of galaxies
, (3)
with SSFR = 10−11 yr−1 marking the division between
the main sequence of star-forming galaxies from the quies-
cent galaxies in the SSFR-stellar mass plane (McGee et al.
2011). It should also be noted that values in Equation 3 are
weighted to account for spectroscopic incompleteness.
c© 0000 RAS, MNRAS 000, 000–000
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3 GALAXY PROPERTIES WITH GALAXY
STELLAR MASS AND GROUP
DYNAMICAL MASS
3.1 Correlations with galaxy stellar mass
It is well known that the observed properties of galaxies
correlate well with galaxy stellar mass. Many studies have
shown that there exists a SFR-stellar mass trend, which is
especially strong for star-forming galaxies (Kennicutt 1983;
Brinchmann et al. 2004; Noeske et al. 2007; Whitaker et al.
2012), and a colour-stellar mass trend (Tortora et al. 2010;
Giodini et al. 2012), where massive galaxies are typically
redder and have lower SFRs. Before we investigate the role
of group dynamics in galaxy evolution, we must first char-
acterize the stellar mass trend in our sample.
We look at the SSFR-stellar mass trend in each of our
three group catalogues. In Figure 3 we plot fq (Equation 3)
versus stellar mass for all galaxy group members in SDSS
(black triangles), GEEC (blue circles) and GEEC2 (red
crosses). From Figure 3, we see that the quiescent fraction
shows a positive correlation with stellar mass for the SDSS
and GEEC samples, as previously noted by McGee et al.
(2011). For all three catalogues, the fq-stellar mass trend
appears to be flat for galaxies with log10(Mstar/M⊙) > 10.5.
An additional trend that can be seen in Figure 3 is
that for low mass galaxies (log10(Mstar/M⊙) < 10.5) we ob-
serve an evolution in the quiescent fraction with redshift,
where galaxies at higher redshifts have lower fq. We see a
similar, though less drastic, trend for the massive galaxies
(log10(Mstar/M⊙) > 10.5) when comparing our z ∼ 0 and
z ∼ 0.4 samples. However, we do not observe a clear evolu-
tion in the quiescent fractions of massive galaxies between
z ∼ 0.4 and z ∼ 0.9.
In Section 4.2.2, we discuss how we remove this strong
correlation between quiescent fraction and stellar mass so
that we can examine the effects of group dynamics.
3.2 Correlations with group dynamical mass
(M200)
There are a number of possible processes related to en-
vironmentally driven galaxy evolution, including: ram-
pressure stripping, strangulation and galaxy-galaxy interac-
tions. Some of these mechanisms are more directly related to
the potential of the group, while others are better correlated
to the local or neighbouring environment. To probe the in-
fluence of the host group, we look for correlations between
the observed quiescent fraction and dynamical mass, M200,
of the group defined as Carlberg et al. (1997)
M200 =
3r200σ
2
rest
G
, (4)
where r200 is given by Equation 2. It should be noted that
the mass computed in Equation 4 assumes that the system
is in dynamical equilibrium, which we show in Section 4 is
not always true for the groups in our catalogues. Bird (1995)
showed that dynamical mass estimators, such as Equation 4,
tend to overestimate the true mass of systems not in equi-
librium, in particular those with significant substructure.
However, our goal is to roughly divide our sample by mass
Figure 3. Quiescent fraction (fq) versus stellar mass for all
group galaxies in SDSS (black triangles), GEEC (blue circles)
and GEEC2 (red crosses). The data are divided into stellar mass
bins of 0.5 dex in the range of 10 ≤ log10(Mstar/M⊙) ≤ 11.5
and plotted at the center of the mass range with small horizon-
tal offsets for clarity. It should be noted that due to our stellar
mass cuts, the intermediate mass galaxies in the GEEC2 sample
span a stellar mass range of 10.7 ≤ log10(Mstar/M⊙) < 11. Also,
note that all catalogues are stellar mass complete and have been
corrected for spectroscopic incompleteness. The uncertainties in
the quiescent fraction are computed following the methodology of
Cameron (2011).
and this methodology works well for this purpose. Alterna-
tively, we could have used the total stellar mass of the group
to characterize the host environment, though this method
requires significant completeness corrections. It should be
noted that we do observe similar results whether M200 or
total stellar mass is used in the analysis.
We make a cut at M200 = 6 × 1013M⊙ to distinguish
between low and high mass groups as this is the approxi-
mate median value for each of the three group catalogues.
In Figure 4, we plot fq versus z for low mass galaxies
(10 < log10(Mstar/M⊙) ≤ 10.5: top left), intermediate mass
galaxies (10.5 < log10(Mstar/M⊙) ≤ 11: top right) and high
mass galaxies (11 < log10(Mstar/M⊙) ≤ 11.5: bottom left)
in low mass (M200 < 6×1013M⊙) groups (black circles) and
in high mass (M200 > 6 × 1013M⊙) groups (orange trian-
gles). From Figure 4, we see that for all stellar masses the
quiescent fraction of galaxies in low and high mass groups
are not statistically distinct. It should be noted that if we
make an additional cut at M200 = 10
14M⊙, we still find no
dependence of fq on group halo mass. While numerous stud-
ies have found that the observed properties of galaxies do
correlate with halo mass (Pasquali et al. 2010; Wetzel et al.
2012), these studies also show that the trends tend to be
flatter for higher mass haloes. In particular, given the dy-
namical mass range of the SDSS, GEEC and GEEC2 groups
(13 . log10(M200/M⊙) . 14.5) and our average errors on fq
of ∼ ±10 per cent, the average quiescent fractions and ages
shown in Wetzel et al. (2012) and Pasquali et al. (2010) are
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Figure 4. fq versus z for low mass galaxies (10 <
log10(Mstar/M⊙) ≤ 10.5: top left), intermediate mass galaxies
(10.5 < log10(Mstar/M⊙) ≤ 11: top right) and high mass galax-
ies (11 < log10(Mstar/M⊙) ≤ 11.5: bottom left) in low mass
(M200 < 6 × 1013M⊙) groups (black circles) and in high mass
(M200 > 6 × 1013M⊙) groups (orange triangles). It should be
noted that due to our stellar mass cuts, the intermediate mass
galaxies in the GEEC2 sample span a stellar mass range of
10.7 ≤ log10(Mstar/M⊙) < 11. We plot the data at the redshift
each sample has been k-corrected to: z = 0 for SDSS, z = 0.4
for GEEC and z = 0.9 for GEEC2, with small horizontal offsets
for clarity. We remind the reader of the redshift range for each
catalogue: 0 < z < 0.12 for SDSS, 0.15 < z < 0.55 for GEEC and
0.8 < z < 1 for GEEC2. The uncertainties in quiescent fraction
are computed following the methodology of Cameron (2011).
approximately the same for galaxies in low and high mass
groups, assuming a cut at M200 = 6× 1013M⊙.
4 GROUP DYNAMICS
Having considered how the observed quiescent fraction of
galaxies in groups correlates with galaxy stellar mass and
group dynamical mass, M200, we now examine how the dy-
namical state of a group affects the properties of member
galaxies. Previous studies of the local environment have
been characterized by the local density (e.g., Poggianti et al.
2008) and by the number of nearest neighbours, typically 3-
10 (e.g., Go´mez et al. 2003; Patel et al. 2011; Sobral et al.
2011). While these methods are effective in determining the
local over-density of regions within groups, they are not di-
rectly related to the dynamical state of a group. With a
spectroscopic group catalogue we can directly measure the
dynamical state of the group, both in terms of the local en-
vironment and the host group halo. In the following section,
we describe how we classify the dynamical state of galaxy
groups and present our analysis of the SDSS, GEEC and
GEEC2 groups.
4.1 Determining the dynamical state of groups
We classify the dynamical state of a group using two meth-
ods:
(i) The shape of the group velocity distribution;
(ii) The amount of substructure.
Theoretically, a system in dynamical equilibrium (i.e. re-
laxed or virialized) should have a Gaussian velocity distribu-
tion; thus, deviations from such a distribution would indicate
a dynamically complex or unevolved system. In Hou et al.
(2009), we showed that we can reliably and robustly identify
non-Gaussian velocity distributions for systems with as few
as five member galaxies using the Anderson-Darling (AD)
goodness-of-fit test. A full description of the AD Test, and
its application to group-sized systems, is given in Hou et al.
(2009). For our analysis, we use the AD statistic to compare
the cumulative distribution function (CDF) of the ordered
galaxy velocities to a Gaussian distribution using the com-
puting formula given by
A2 = −n− 1
n
n∑
i=1
(2i− 1) (lnΦ (xi) + ln (1−Φ (xn+1−i))) ,
(5)
A2∗ = A2
(
1 +
0.75
n
+
2.25
n2
)
, (6)
where xi ≤ x ≤ xi+1, Φ(xi) is the CDF of a Gaussian dis-
tribution (D’Agostino & Stephens 1986). The probabilities,
or p-values, are then computed as
p = a exp(−A2∗/b), (7)
where a = 3.6789468 and b = 0.1749916, and both factors
are determined via Monte Carlo methods (Nelson 1998). We
then classify groups as dynamically complex if the group
velocity distribution is identified as non-Gaussian at the 95
per cent confidence level (p-value < 0.05).
We also examine the amount of substructure present in
each group by applying the Dressler-Shectman (DS) Test
(Dressler & Shectman 1988) to our group samples. Sub-
structure is indicative of the recent accretion of galax-
ies or smaller groups of galaxies (Lacey & Cole 1993). In
Hou et al. (2012), we showed that the DS test, originally
developed for richer galaxy clusters, could robustly identify
substructure for groups with nmembers ≥ 20. Additionally,
we found that the test could be applied to groups with as
few as 10 members, but in this case the measured fraction of
systems with substructure is underestimated. A detailed de-
scription of the test, with respect to group-sized systems can
be found in Pinkney et al. (1996), Zabludoff & Mulchaey
(1998a) and Hou et al. (2012). Briefly, for each group we
compute the mean velocity (ν) and group velocity dispersion
(σ). Then, for each member galaxy i, we compute the local
mean velocity (νilocal) and local velocity dispersion (σ
i
local)
using the ith galaxy plus a number of its nearest neighbours
(Nnn). Using these values we then compute
δi =
(
Nnn + 1
σ2
)[(
νilocal − ν
)2
+
(
σilocal − σ
)2]
, (8)
where 1 ≤ i ≤ nmembers and Nnn = √nmembers, rounded
down to the nearest integer. The DS statistic is then com-
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Table 2. Fraction of dynamically complex (non-Gaussian) groups
and groups with substructure using the AD and DS Tests.
Catalogue Fraction of Fraction of Groups
non-Gaussian groups with substructure
SDSS 15/100 (15 ±64%) 17/71 (24 ±
8
6%)
GEEC 19/37 (51±11%) 3/14 (21 ±1910%)
GEEC2 2/8 (25 ±2613%) 1/5 (20 ±
34
12%)
puted as
∆ =
n∑
i=1
δi. (9)
We use Monte Carlo methods to determine the probability
or p-value for the DS Test, which is done by comparing the
observed ∆-value to ‘shuffled ∆-values’, which are computed
by randomly shuffling the observed velocities and then re-
assigning them to the observed member galaxy positions.
The p-value is then calculated as
p =
∑
(∆shuffled > ∆observed)/nshuffle, (10)
where ∆shuffled and ∆observed are both computed with Equa-
tion 9. We compute the p-value using 100 000 shuffled ∆-
values. A group is identified as having significant substruc-
ture if it has a p-value < 0.05.
Following this methodology, we classify the dynamical
state of the SDSS, GEEC and GEEC2 groups using the AD
Test for all groups with nmembers ≥ 5 and the DS Test for
nmembers ≥ 10. In Table 2, we list the results of the tests,
where we find the percentage of non-Gaussian groups in the
SDSS, GEEC and GEEC2 surveys to be 15 ±64 per cent, 51
±11 per cent and 25 ±2613 per cent, while the percentage of
groups with detected substructure remains approximately
constant at ∼ 20 per cent for all three group catalogues.
For completeness, we include the AD and DS Test re-
sults for the GEE2 sample, however it should be noted that
with such a small sample of systems we cannot robustly
determine the fraction of non-Gaussian groups and groups
with substructure.
4.2 Dynamics and galaxy properties
Having classified the dynamical state of the groups in our
sample, we now compare the SSFR distributions and quies-
cent fractions of the galaxies in groups that are dynamically
young to those in dynamically evolved systems.
4.2.1 SSFR Distributions
In the top panels of Figure 5 we plot the SSFR distributions
for galaxies in non-Gaussian (blue dashed line) and Gaus-
sian (solid magenta line) groups identified in the SDSS (left),
GEEC (middle) and GEEC2 (right) group catalogues. The
bottom panels of Figure 5 are the same except we plot the
SSFR distributions for galaxies in groups with substructure
(blue dashed line) and galaxies in groups with no substruc-
ture (solid magenta line) for the SDSS (left) and GEEC
(middle) samples. We do not show the SSFR distributions
for the GEEC2 groups with and without substructure be-
cause the sample contains too few galaxies. For the same
reason we do not include the GEEC2 groups with and with-
out substructure in our analysis for the remainder of the
paper.
In all panels of Figure 5, we see that the histograms
are bimodal, showing a population of actively star-forming
galaxies with SSFR > 10−11 yr−1 and a population of pas-
sive galaxies with SSFR< 10−11 yr−1. For the SDSS groups,
it appears that the SSFR distributions for dynamically com-
plex and relaxed systems, classified with both the AD- and
DS-Test, are similar with a well populated passive sequence.
However, a two-sample Kolmogorov-Smirnov (KS) Test indi-
cates that while the SSFR distributions for the SDSS galax-
ies in groups with and without substructure likely come from
the same parent distribution, the distributions for galaxies
in Gaussian and non-Gaussian groups are in fact distinct at
the∼99 per cent confidence level (Table 3). Though it should
be noted that difference is small and it is easier to detect
small differences given the large size of the SDSS sample.
Looking at the z ∼ 0.4 GEEC groups (middle panels of
Figure 5), we see that the SSFR distributions for the dynam-
ically complex and relaxed groups, identified with either the
AD- or DS-Test, look distinct. Indeed, a two-sample KS Test
indicates that both sets of SSFR distributions come from dif-
ferent parent distributions at a confidence level of >99 per
cent (Table 3). For the Gaussian and non-Gaussian groups,
we see that although both histograms show a bimodal dis-
tribution with a well populated passive sequence, there are
more galaxies with high SSFR’s (∼ 10−10 yr−1: Figure 5)
in the non-Gaussian GEEC groups. The GEEC groups with
no detected substructure show a well populated passive se-
quence, while the majority of galaxies in the GEEC groups
with substructure appear to lie in the actively star-forming
sequence. A similar result was shown in Hou et al. (2012),
where we found that galaxies in groups with substructure
had a significantly higher fraction of blue galaxies.
The SSFR distributions for the galaxies in Gaussian
and non-Gaussian GEEC2 groups are consistent with com-
ing from the same parent distribution (Table 3) and show
similar features to the SDSS groups (i.e. a dominant qui-
escent population). The high fraction of quiescent galax-
ies is likely a result of our stellar mass completeness limits
(log10(Mstar/M⊙) ≥ 10.7), which from Figure 3 would result
in a more dominant quiescent population.
4.2.2 Quiescent Fractions
We now look at the quiescent fraction (fq: Equation 3) of
galaxies in dynamically complex and relaxed groups. In the
left panels of Figure 6, we plot fq versus z for low mass galax-
ies (10 < log10(Mstar/M⊙) ≤ 10.5: top left), intermediate
mass galaxies (10.5 < log10(Mstar/M⊙) ≤ 11: top right) and
high mass galaxies (11 < log10(Mstar/M⊙) ≤ 11.5: bottom
left) in non-Gaussian groups (blue symbols) and in Gaus-
sian groups (magenta triangles). The panels on the right are
similar except we plot galaxies in groups with substructure
(blue symbols) and in groups with no significant substruc-
ture (magenta triangles) but only for the SDSS and GEEC
groups. The GEEC2 groups are omitted as there are too
few galaxies for a robust substructure analysis. In order to
isolate the effects of dynamical state on the properties of
galaxies from the strong fq-stellar mass trend (Figure 3),
we bin our data into narrow bins of stellar mass.
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Table 3. Probabilities (p-values) from a two-sample KS Test comparing the SSFR distributions shown in Figure 5. Probabilities < 0.01
indicate that the systems come from different underlying parent distributions.
Catalogue p-value comparing Gaussian p-value comparing groups with
versus non-Gaussian groups substructure vs. no substructure
SDSS 0.01099 0.4729
GEEC ∼ 0 ∼ 0
GEEC2 0.6869
Figure 5. Top: SSFR distributions for galaxies in non-Gaussian groups (blue dashed line) and for galaxies in Gaussian groups (magenta
solid line) in the SDSS catalogue (left), GEEC catalogue (middle) and GEEC2 catalogue (right). Note that all catalogues are stellar mass
complete and spectroscopic completeness weights have been taken into account. Bottom: SSFR distributions for galaxies in groups with
substructure (blue dashed line) and for galaxies in groups with no identified substructure (magenta solid line) for the SDSS (left) and
GEEC (middle) sample. We do not show the SSFR distributions for the GEEC2 groups with and without substructure, as our stellar
mass limit and n ≥ 10 within 2r200 cut for the DS Test result in too few galaxies.
Looking at Figure 6, we find that at almost all epochs
and stellar masses there is no significant difference in the qui-
escent fractions of galaxies in dynamically complex and re-
laxed groups for both dynamical classification schemes (AD
and DS Tests). However, we do observe a difference in the
low mass bin (10 < log10(Mstar/M⊙) ≤ 10.5) of the GEEC
sample, where the groups with substructure have a lower fq
than observed in the groups with no substructure.
It should also be noted that our analysis was done using
galaxies within two viral radii of the group centroid; how-
ever, if we use only galaxies with r < r200 we find similar
results. Although including galaxies beyond the virial ra-
dius (r200) inherently means that we are investigating the
‘unvirialized’ regions of our systems, we find that while the
fraction of dynamically young systems increases within each
sample, the trends with redshift remain the same whether
we use r200 or 2r200. In Hou et al. (2012), we determined
that substructure galaxies were preferentially found on the
group outskirts. Thus, analyzing galaxies out to two virial
radii allows us to better study substructure in our groups.
Additionally, studies have shown that the effects of the en-
vironment on galaxies can extend well beyond the virial
radius (Feldmann et al. 2010; von der Linden et al. 2010;
Bahe et al. 2012).
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Figure 6. Left: fq versus z for galaxies in groups with non-Gaussian velocity distributions (blue circles) and in groups with Gaussian
velocity distributions (magenta triangles). The panels are divided into bins of stellar mass, with; 10 < log10(Mstar/M⊙) ≤ 10.5 (top-left),
10.5 < log10(Mstar/M⊙) ≤ 11 (top-right) and 11 < log10(Mstar/M⊙) ≤ 11.5 (bottom-left). Note that all catalogues are spectroscopic
and stellar mass complete. Also, due to the stellar mass limits the intermediate mass bin for the GEEC2 sample does not extend down to
log10(Mstar/M⊙) ≤ 10.5, but rather covers a range of 10.7 ≤ log10(Mstar/M⊙) ≤ 11. We plot the data at the redshift that each sample
has been k-corrected to: z = 0 for SDSS, z = 0.4 for GEEC and z = 0.9 for GEEC2, with small horizontal offsets for clarity. Right:
Same as figure on the left except for galaxies in groups with substructure (blue circles) and in groups with no significant substructure
(magenta triangles). Again, we do not show the GEEC2 groups with and without substructure, as our stellar mass limits and n ≥ 10
within 2r200 cut for the DS Test resulted in too few galaxies in each sub-sample. The uncertainties in quiescent fraction are computed
following the methodology of Cameron (2011).
5 DISCUSSION
In Section 4 we classified the dynamical state of our group
sample and then compared the SSFR distributions and qui-
escent fractions of galaxies in dynamically complex and re-
laxed groups. We now discuss the implications of our find-
ings.
5.1 The evolution of group dynamics
In a ΛCDM Universe structure grows hierarchically through
mergers and accretion (e.g., Springel et al. 2005). Numerous
studies have shown that at a given halo mass the average ac-
cretion rate of dark matter haloes goes as M˙/M ∝ (1+ z)n,
where n ∼ 1.5 − 2.5 (Birnboim et al. 2007; McBride et al.
2009), indicating that the accretion rate increases with red-
shift. As a reflection of this assembly history, one might ex-
pect the fraction of dynamically unevolved systems to in-
crease with redshift for a given mass. Although, additional
factors, such as the time since infall or the mass and or-
bit of the accreted object, should also affect the evolution
of the dynamical state. For example, continuous accretion
of smaller sub-haloes could result in less obvious deviations
from a relaxed state in comparison to an instantaneous ma-
jor merger of larger haloes (Cohn & White 2005). There-
fore, observations that are sensitive to different forms of
mass assembly may result in different dynamical evolution
scenarios. However, based on a statistical study of a large
sample of simulated N-body groups and clusters, identi-
fied with a FoF-algorithm, Cohn & White (2005) found that
on average the virial ratio, 2KE/PE, of all clusters with
M > 1014h−1M⊙ increased with increasing redshift. There-
fore, systems at higher redshifts are more dynamically young
or complex than in the local Universe. Assuming that galax-
ies are a good tracer of the dark matter haloes, it should be
possible to detect this predicted increase in dynamically un-
evolved systems.
In Section 4.1, we found that the fraction of groups
with non-Gaussian velocity distributions, classified as dy-
namically young, increases significantly from ∼15 per cent at
z ∼ 0 to ∼51 per cent at z ∼ 0.4 (Table 2), which is in agree-
ment with the results of Cohn & White (2005) who found
that the virial ratio increased with redshift. From z ∼ 0.4 to
z ∼ 0.9 it appears that the fraction of non-Gaussian groups
is consistent with either being flat or decreasing with in-
creasing redshift (Table 2); however, this result is based a
small sample of 8 high-z groups. It is also important to note
that the GEEC2 catalogue is different from the SDSS or
GEEC samples in that: the groups were selected using a
different methodology, all of the GEEC2 groups are X-ray
bright while only some of the SDSS and GEEC groups are
X-ray bright, and a different stellar mass completeness limit
was applied. Thus, the results of the GEEC2 sample may be
due to small number statistics or differences in the sample se-
lection. Further investigation of a larger sample of high red-
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shift groups is required to make any conclusive statements
about the evolution of group dynamics from intermediate to
high redshifts.
We now look at the evolution of substructure in groups
and we find that the fraction of groups with substructure is
consistent out to z ∼ 1. These results appear to be contradic-
tory. However, the AD and DS Tests, though both measures
of dynamical state, probe different stages of dynamical com-
plexity (Pinkney et al. 1996) and a 1-to-1 correspondence
between non-Gaussian groups (identified from the AD Test)
and groups with substructure (identified from the DS Test)
does not necessarily hold. In Hou et al. (2012) we showed
that groups with substructure that is loosely bound or spa-
tially mixed with members of the host group can be difficult
to detect. Therefore, groups with non-Gaussian profiles may
have substructure that is missed by the DS test. Also, since
we studied groups with as few as 10 members, the results of
the DS Test can only provide a lower limit on the fraction
of groups with substructure (Hou et al. 2012), so the true
fraction of groups with substructure is likely higher than
the values quoted in Table 2.
5.2 The effects of dynamics on galaxy properties
We first look at the quiescent fraction as a function of
redshift. From Figures 3 and 6 we see that for groups
only the low mass galaxies (10 < log10(Mstar/M⊙) ≤
10.5) clearly exhibit the well known Butcher-Oemler
effect (Butcher & Oemler 1984; Poggianti et al. 1999;
Wilman et al. 2005a; Urquhart et al. 2010; McGee et al.
2011; Li et al. 2012), where fq decreases with increasing
redshift. In contrast, the quiescent fraction of intermediate
and high mass galaxies (10.5 < log10(Mstar/M⊙) ≤ 11.5) in
groups shows a marginal decrease between z ∼ 0 to z ∼ 0.4
and no obvious change between z ∼ 0.4 to z ∼ 0.9. This
result is similar to those of Raichoor & Andreon (2012),
who observed no increase in the fraction of high mass
(log10(Mstar/M⊙) & 11.13) blue galaxies in clusters in the
redshift range of 0 < z < 2.2. Based on our results, we find
no clear evidence for the Butcher-Oemler effect in galax-
ies with log10(Mstar/M⊙) & 10.5 in groups out to z ∼ 1.
However, we do observe decrease in the fraction of low mass
(log10(Mstar/M⊙) < 10.5) quiescent galaxies with increasing
redshift.
Finally, we examine the effects of dynamical state. In
general, we find that there is no correlation between dy-
namical state and quiescent fraction for massive galax-
ies (log10(Mstar/M⊙) > 10.5); however, there may be a
hint of a correlation with the presence of substructure in
our lowest mass galaxies (10 < log10(Mstar/M⊙) ≤ 10.5
- Fig. 6: right). In our intermediate redshift GEEC sam-
ple, the groups with substructure have a lower quiescent
fraction in comparison to galaxies in groups with no sub-
structure. Our results for the SDSS sample can be com-
pared to the Zurich Environmental Study (ZENS) sam-
ple of Carollo et al. (2012) and are in good agreement.
Carollo et al. (2012) found that central galaxies and satelites
with log10(Mstar/M⊙) > 10 in dynamically relaxed and un-
relaxed groups, classified via the DS Test, have similar ob-
served galaxy properties. However, these authors did find
that satellites with log10(Mstar/M⊙) < 10 are bluer by
∼ 0.1mag in unrelaxed groups. Our sample does not extend
to these low masses, though we do find a similar result for
slightly higer mass galaxies (10 < log10(Mstar/M⊙) ≤ 10.5)
at intermediate redshifts (z ∼ 0.4), which could indicate
possible redshift evolution in the relationship between sub-
structure and quiescent fraction.
In addition, several studies have also found that envi-
ronmental effects on galaxy properties can only be observed
in low mass galaxies (log10(Mstar/M⊙) . 10.5 - Peng et al.
2010; Sobral et al. 2011). In particular, Peng et al. (2010)
suggest that for low mass galaxies at z & 0.5, the main mech-
anism responsible for star formation quenching is galaxy-
galaxy interactions, which should be the dominant pro-
cess in dynamically unevolved systems with significant sub-
structure. In addition, Blanton & Berlind (2007) found that
while the properties of star-forming galaxies were largely in-
dependent of environment, they did observe a correlation
between colour and clustering on small scales (< 300h−1
Mpc), which they claim indicated that substructure within
groups may play a role in the evolution of galaxies. Simi-
larly, Wilman et al. (2010) observed a correlation between
the mean colour of blue galaxies and local density but only
on the . 1 Mpc scales, further suggesting that the local,
and not global or large-scale, environment may have a more
dominant affect on galaxy evolution.
Although we do observe a difference in the quiescent
fractions of low mass galaxies in GEEC groups with and
without substructure, we note that this result is based on
a small sample of groups (Table 2). A larger sample of in-
termediate and high redshift groups is required to make a
more robust statement about whether quenching in low mass
group galaxies is suppressed in the presence of substructure.
6 CONCLUSIONS
We have looked at the role of galaxy stellar mass, group
dynamical mass (M200) and dynamical state in the evolution
of galaxies in groups out to z ∼ 1 using the SDSS, GEEC and
GEEC2 group catalogues. The dynamical state of the groups
are classified with the Anderson-Darling Test to distinguish
between Gaussian and non-Gaussian velocity distributions
and the Dressler-Shectman Test to determine the amount
of substructure within the groups. The main results of this
analysis are:
(i) We observe a strong trend between the quiescent frac-
tion and galaxy stellar mass in SDSS and GEEC, where
higher mass galaxies have higher fq, similar to the results of
McGee et al. (2011);
(ii) There is no measurable difference in the quiescent
fraction of galaxies in low (1013 . M200 < 6 × 1013M⊙)
and high (6× 1013M⊙ < M200 . 1014.5) mass groups at all
stellar masses;
(iii) The fraction of groups with non-Gaussian velocity
distributions increases from z ∼ 0 to z ∼ 0.4, while the
fraction of groups with detected substructure is constant
out to z ∼ 1;
(iv) We observe the Butcher-Oemler effect in
groups, where groups at higher redshifts have lower
quiescent fractions, but only for low mass galaxies
(10 < log10(Mstar/M⊙) . 10.5), while galaxies with
log10(Mstar/M⊙) > 10.5 show little or no evidence of the
Butcher-Oemler effect out to z ∼ 1;
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(v) We do not observe a significant difference in the quies-
cent fractions of massive galaxies (log10(Mstar/M⊙) > 10.5)
in dynamically complex and relaxed groups, where the dy-
namical state is defined either by the AD or DS Test;
(vi) We observe a marginally lower quiescent fraction for
low mass galaxies (10 ≤ log10(Mstar/M⊙) < 10.5) in groups
with detected substructure at z ∼ 0.4 when compared to
groups with no significant substructure.
In conclusion, we find that there is no strong correlation
between the dynamical state of a group and the observed
quiescent fraction for massive galaxies; however, we do see
possible signs of a correlation between fq and substructure
at z ∼ 0.4. This result suggests that environmental effects
on galaxy evolution are only evident in low mass galaxies. In
order to better understand the role of group dynamics, and
the environment in general, on the evolution of galaxies it is
necessary to probe lower mass galaxies (log10(Mstar/M⊙) <
10.5) where these mechanisms likely dominate.
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